The processes that trigger Active Galactic Nuclei (AGN) remain poorly understood. While lower luminosity AGN may be triggered by minor disturbances to the host galaxy, stronger disturbances are likely required to trigger luminous AGN. Major wet mergers of galaxies are ideal environments for AGN triggering since they provide large gas supplies and galaxy scale torques. There is however little observational evidence for a strong connection between AGN and major mergers. We analyse the morphological properties of AGN host galaxies as a function of AGN and host galaxy luminosity and compare them to a carefully matched sample of control galaxies. AGN are X-ray selected in the redshift range 0.5 < z < 0.8 and have luminosities 41 log(L X [erg/s]) 44.5. 'Fake AGN' are simulated in the control galaxies by adding point sources with the magnitude of the matched AGN. We find that AGN host and control galaxies have comparable assymetries, Sersic indices and ellipticities at restframe ∼950nm. AGN host galaxies show neither higher average asymmetries nor higher fractions of very disturbed objects. There is no increase in the prevalence of merger signatures with AGN luminosity. At 95% confidence we find that major mergers are responsible for <6% of all AGN in our sample as well as <40% of the highest luminosity AGN (log(L X [erg/s]) ∼ 43.5). Major mergers therefore either play only a very minor role in the triggering of AGN in the luminosity range studied or time delays are too long for merger features to remain visible.
INTRODUCTION
Supermassive black holes (SMBHs) are now believed to be present in the centres of most if not all massive galaxies (e.g. Kormendy & Ho 2013 , and references therein). While most SMBHs do not accrete large amounts of gas, a small fraction of them show strong signs of accretion. These objects are known as Active Galactic Nuclei (AGN). The conditions under which SMBHs become active remain poorly understood. AGN activity requires a) the availability of either gas or stars to feed the black hole and b) a process to strip said material of its angular momentum. Depositing large amounts of gas in the centres of galaxies makes AGN activity probable since it provides material, as well as an ideal environment to transfer angular momentum.
Different processes could provide such a favourable environment for AGN triggering: major and minor mergers of galaxies (e.g. Silk & Rees 1998; Hopkins et al. 2008; Di Matteo et al. 2008; Springel et al. 2005) , bars (e.g. Shlosman et al. 1989) , close passages of galaxies disturbing the gravitational potential (e.g. Hopkins et al. 2008) , cooling of gas from the hot halo (e.g. Croton et al. 2006; Pope et al. 2012; Fabian 2012) , mass loss from stellar winds (e.g. Davies et al. 2012) , cold flows in combination with violent disk instabilities (Dekel et al. 2009; Bournaud et al. 2011) , galaxy scale torques (Anglés-Alcázar et al. 2013) as well as accretion of small amounts of gas from the halo (King & Pringle 2007) .
AGN of different luminosities require vastly different amounts of accretion material. Given typical AGN lifetimes of 10 8 yr (see e.g. Martini & Weinberg 2001; Yu & Tremaine 2002; Martini 2004 , and references therein, although a wide range of AGN lifetimes is possible) a low luminosity AGN of log(L bol [erg/s]) = 42 requires as little as 2 × 10 4 M , while a luminous AGN of log(L bol [erg/s]) = 46 requires as much as 2 × 10 8 M . This corresponds to about 1% of the total mass in typical massive galaxies (Catinella et al. 2010; Saintonge et al. 2011 ). Stripping such a substantial fraction of the gas mass in a galaxy of large parts of its angular momentum in the short lifetime of the AGN is challenging. It is hence expected that while a wide range of processes can lead to the triggering of low luminosity AGN, high luminosity AGN require substantial disturbances to their host galaxies. Major mergers of galaxies are therefore thought to dominate triggering at the highest AGN luminosities. While there is no clear predicted break point, a transition is likely around log(L bol [erg/s]) = 46, as argued above (see also Hopkins et al. 2013 ).
The topic of AGN triggering became relevant for galaxy evolution when it was discovered that super-massive black holes are not only common in massive galaxies but their masses also correlate well with the properties of their host galaxies(velocity dispersion (e.g. Gebhardt et al. 2000; Ferrarese & Merritt 2000; Tremaine et al. 2002; Gültekin et al. 2009 Gültekin et al. , 2011 , stellar mass (e.g. Häring & Rix 2004) , central light concentration (Graham et al. 2001) as well as absolute magnitudes in some bands (McLure & Dunlop 2002; Marconi & Hunt 2003) ). Theoretical models posit that major mergers of gas-rich galaxies trigger both starbursts and AGN, and the AGN subsequently shuts down the star formation by depositing energy into the ISM (commonly termed AGN feedback) and thereby establishes the M−σ relation Somerville et al. 2008; King 2003; Silk & Rees 1998; Di Matteo et al. 2005; Springel et al. 2005) . Although some authors have pointed out that repeated mergers of galaxies containing black hole seeds explain the correlations as well (Peng 2007; Jahnke & Maccio 2011; Anglés-Alcázar et al. 2013 ).
Despite its high theoretical appeal, observational evidence for a connection between mergers and AGN remains mixed. For certain samples of AGN, rates of recent mergers are extremely high. This is true for local quasars that also show large FIR luminosities -similar to ULIRGs -as well as peculiar AGN samples such as red quasars (Canalizo & Stockton 2001; Urrutia et al. 2008) . However, when host galaxies of AGN are compared to galaxies of similar mass they show comparable incidences of disturbances indicative of recent mergers (Kocevski et al. 2012; Cisternas et al. 2011; Dunlop et al. 2003; Boehm et al. 2013; Grogin et al. 2005; Gabor et al. 2009 ; Pierce et al. 2010 Pierce et al. , 2007 . However, host galaxies of moderately luminous AGN and radio-selected AGN show weak merger features with higher surface brightnesses than found in control galaxies (Bennert et al. 2008 ; Ramos Almeida et al. 2012 ). Treister et al. (2012) studied the incidence of merger features as a function of AGN luminosity and found that the highest luminosity AGN have higher incidences of mergers. However, the sample was not uniformly selected and no control samples were used. It is therefore unclear if these results will hold in well-controlled studies.
In this study, we examine the incidence of disturbances indicative of major mergers in AGN hosts as a function of AGN luminosity compared to a carefully matched control sample using CANDELS (Koekemoer et al. 2011; Grogin et al. 2011 ) data in GOODS-S. One particular goal of this study is to test the hypothesis that mergers dominate triggering in more luminous AGN. We select a sample of AGN spanning a wide range in luminosities using their X-ray emission only. The most luminous AGN in our sample require accreting material around 10 8 M assuming standard quasar lifetimes. We aim to answer the question of whether merger triggering becomes more important with increasing AGN luminosity and, if so, at what AGN luminosity mergers become the dominant mechanism. The incidence of major mergers will be assessed using quantitative morphological measures that determine the level of disturbance in the host galaxy (Conselice et al. 2000) . While many studies rely on human classifiers (e.g. Kocevski et al. 2012; Cisternas et al. 2011; Treister et al. 2012) , using quantitative measures enables us to detect more subtle levels of disturbance (Conselice et al. 2000; Lotz et al. 2010a,b) as well as allow more detailed statistical analysis of the results.
The paper is organized as follows: data reduction and analysis as well as sample selection are presented in Section 2. The results are presented in Section 3, followed by discussion in Section 4 and summary and conclusion in Section 5. Supplemental information about morphological measures used and simulations performed are presented in Appendix A. The cosmology used is
Throughout the paper, we use AB magnitudes.
DATA & ANALYSIS
For the study, we use the F160W/H band imaging data in GOODSSouth (Grogin et al. 2011) . The data reduction is described in detail in Koekemoer et al. (2011) . Throughout the paper, when citing magnitudes, we refer to the observed frame F160W band, which corresponds to a rest-frame wavelength of ∼950nm in the redshift range studied.
AGN Sample
The sample is selected from the Chandra Deep Field South (CDFS) 4 Ms data (Xue et al. 2011 ). X-ray selection provides a minimally biased sample over a wide range of luminosities. It is least affected by obscuration and at the great sensitivity of the data used, complete down to low AGN luminosities. It should however be noted that X-ray selection, even with the great depth of the 4Ms data will miss the most Compton-thick AGN. However, these systems are expected to be rare (see e.g. Juneau et al. 2011, and references therein) . Figure 1 (left) shows the full 4Ms sample as well as the wavelength range chosen for this study. The chosen redshift range covers a maximum amount of dynamical range in X-ray luminosity while not covering too large a redshift range to have significant cosmological evolution within the sample ( 2 Gyr in cosmic time). Surface brightness dimming effects are minimal. Throughout the paper, we use absorption corrected rest-frame 0.5-8keV luminosities in erg/s from Xue et al. (2011) . X-ray sources are matched to the H-band using a 1 arcsecond aperture.
From the 4Ms CDFS Sample, we study all 76 objects covered in CANDELS in the redshift range 0.5 < z < 0.8. Additionally, we reject objects with soft X-ray spectra (Γ > 1, where Γ is the effective photon index) that lack a point source detection in the F160W data since these sources are likely starbursts. We caution that extreme Compton thick sources can be potentially rejected using this method and this method is therefore not 100% effective in identifying starbursts . The rejection affects sources with detections in only a single Chandra band and very low luminosities (see Fig. 1 ), leaving a sample of 60 AGN in the field. The X-ray luminosity distributions of the AGN as well as the rejected starburst sources are shown in Fig. 1 (right) . Note that the redshift range chosen for this study includes a cluster of galaxies at a redshift of ∼0.75 (Salimbeni et al. 2009; Castellano et al. 2011) . The cluster has a M 200 ∼ 3 × 10 14 M and a velocity dispersion of σ ∼ 630km/s.
Matched Sample
For the control sample, we use catalogues by Dahlen et al. (2010) , including photometric data over a wide range of wavelengths (Giavalisco et al. 2004; Dahlen et al. 2010, see) as well as a compilation of spectroscopic redshifts (Cristiani et al. 2000; Croom et al. 2001; Dickinson et al. 2004; Le Févre et al. 2004; Stanway et al. 2004; Strolger et al. 2004; Szokoly et al. 2004; van der Wel et al. 2004; Doherty et al. 2005; Mignoli et al. 2005; Roche et al. 2006; Ravikumar et al. 2007; Popesso et al. 2009; Vanzella et al. 2008) .
The AGN host galaxy sample is dominated by massive galaxies, while the full galaxy sample in the same redshift range generally contains many more lower mass galaxies. This is mostly an effect of detection probability since low mass galaxies have lower mass black holes which makes detection at equal Eddington rate less likely (Aird et al. 2012) . The histograms of AGN host galaxies and the parent control sample are shown in Fig. 2 . From this parent control sample, we create a control sample by matching between 5 and 25 galaxies to each AGN (Fig. 4) .
Control galaxies are matched in absolute F160W (host) galaxy magnitude and stellar mass from Santini et al. (2012) as well as redshift. The stellar masses are derived by fitting the SEDs of the AGN with a mixture of galaxy and QSO templates, for a more detailed description of the process, we refer the reader to Santini et al. (2009) and Santini et al. (2012) . The stellar mass is traced rather well by the H band magnitude (Fig. 3 ) with a scatter of ∼0.25 dex in stellar mass. Some of this scatter in stellar mass is explained by differences in star formation histories (i.e. starburst age, reddening).
Initial matching is performed by selecting galaxies with ∆z = 0.05 and ∆m = 0.1, stellar masses are matched within 10%. If no sufficient number of matches are found, the criteria are relaxed. As can be seen in Figure 4 , most galaxies are matched isotropically in redshift and magnitude. At lower galaxy magnitudes, AGN hosts can be matched to control galaxies with relatively large magnitude differences (∼ 0.5∆mag). Additionally, two host galaxies are amongst the most luminous and massive galaxies in the field and redshift range (see Fig. 4 ). These AGN hosts are matched nonisotropically to control galaxies of lower mass. While this is not optimal, we simply lack appropriate optimally matched galaxies for these AGN. However, we find that the morphological properties (in particular asymmetry and ellipticity) do not show a strong trend with absolute galaxy magnitude. Additionally, a large per- Absorption corrected X-ray and bolometric luminosities of X-ray sources in the CDFS 4Ms Catalogue (grey dots), the sample used in this paper (red circles). Right panel: Histograms and kernel density estimators (KDE) of bolometric luminosities in the redshift range for all X-ray-sources used, objects rejected as starbursts are shown as cross-hatched. In both panels, the dotted red lines show the redshift range used, the dashed red line shows a bolometric luminosity of log(L bol [erg/s]) = 45.5. This is the luminosity above which mergers are thought to dominate AGN triggering (Somerville & Primack 1999; Somerville et al. 2008; Hopkins et al. 2013 ).
centage of objects are closely matched. Our results hold when omitting the two AGN with the most anisotropic matching. The AGN with anisotropic matching do not belong to the bin with the most luminous AGN. Objects for which stellar masses are not available are matched in H band galaxy magnitude instead (see Section 2.3 for a description of fits described to derive AGN host magnitudes). For AGN located in the cluster at z ∼ 0.75, we reject all control galaxies that are outside the clusters redshift range. Since the cluster environment can have a strong influence on galaxy morphological parameters (Dressler 1980; Adams et al. 2012) , matching AGN hosts to control galaxies located in very different environments could introduce biases. The results of our study hold when matching is performed purely in H band magnitude.
Host Galaxy Fits
Galaxy fits are performed using Galfit (Peng et al. 2002) . Empirical PSFs were derived from stacking the images of several isolated and unsaturated stars in the field. In order to provide a more accurate description of the central region, we replaced the inner-most pixels (within a radius of 3 pixels from the center) with a simulated PSF generated with the TinyTim package (Krist 1995) . The TinyTim PSF was dithered and drizzled in the same manner as the observations, and normalized such that the total flux of the newly constructed hybrid PSF model is the same as that of the stacked star. We found this hybrid PSF accurately reproduced the growth curves of stars out to 3". Further details on the PSF models can be found in van der Wel et al. (2012) .
For the AGN host galaxies, we use a mixture of point source and Sersic component (with both ellipticity and radius left as a free parameter). If necessary, a second Sersic component is added. In most cases, a fit with a point source and single Sersic yielded a good fit with minimal residuals. The goodness of fit was judged both based on the χ 2 values given by Galfit and visual inspections of the residuals. It was only necessary to add a second sersic component in four cases out of the 60 AGN studied. In these Histograms showing the distributions of the AGN Host galaxies (red) as well as all galaxies in the redshift range of the study (hatched). Note that since the histograms are both normalized to integrate to one, this histogram does not represent the total number of galaxies in both samples.
cases, the fits diverged for a single Sersic component or resulted in strong residuals indicative of the presence of a component not accounted for in the fits. Since we use the point-source subtracted images rather than the residual images for further analysis, details in the host galaxy fits themselves do not strongly affect our results.
The image resolution of 0.1" corresponds to about 0.5 kpc in the redshift range of our sample. A compact bulge or starburst might therefore be fit as a point source. For all AGN that require point source fits, we therefore check the colour of the central point source using ACS images. Colours of central point sources are blue, consistent with AGN. Starbursts however have similar colours. We . Matching performed for all AGN, the black dots show the full control sample. The red stars mark the AGN, the green dots show galaxies that have been matched as control galaxies, the green lines connect them to the AGN they have been matched to. Note the cluster at a redshift of z ∼ 0.75.
find that contributions of central point sources in low-luminosity AGN are weak. There is the possibility that AGN contributions are overestimated at low X-ray luminosity, however, our results hold when omitting AGN with log(L X < 42) and therefore this does not affect the overall conclusions of this study. All Control galaxies are fit with a single Sersic component and no point source to determine their Sersic indices as well as ellipticities. To mimic residuals from PSF fitting performed for AGN hosts, we create fake AGN for the morphological analysis. Point sources with magnitudes matched to the corresponding AGN magnitude are added to its matched control galaxies. The 'fake AGN' are then fit with a point source and Sersic model. A more detailed discussion of the influences of residuals on morphological parameters can be found in Appendix A.
Quantitative Morphology Measures: Asymmetry
For quantitative morphology measurements, we use Asymmetry A which is part of the CAS (Compactness, Asymmetry, Smoothness) classification system (Conselice 2003) . Tests on our data showed that the concentration C was most sensitive to PSF residuals since it works by measuring how centrally concentrated galaxies are, in agreement with previous studies (Grogin et al. 2005) . Due to the limited resolution of our data, Smoothness S is not used. Asymmetry is found to trace major and minor mergers well (Lotz et al. 2010a,b) . Additionally, we will use the ellipticity from the galfit host galaxy fits. Relaxed post-merger systems could show lower ellipticities than galaxies of similar mass that have not undergone a merger recently. A detailed description of the morphology measures and possible errors due to PSF residuals can be found in Appendix A below. Here we provide a brief overview.
Asymmetry A is defined as:
( 1) where I 0 is the flux in each pixel and I 180 is the flux in each pixel rotated by 180 deg (Conselice 2003) . Different from Conselice et al. (2000) and Conselice (2003) , we do not subtract background asymmetry. However, as shown in Conselice et al. (2000) , this will have little effect for the typically bright galaxies used in this study. For the purpose of this study, we use Sextractor segmentation maps to avoid including noise from the background into the measurement. These maps determine the region over which the galaxy is detected. In the following, we will discuss different influences on the measured asymmetry. Centring is performed following Conselice et al. (2000) . We have ensured that the algorithm generally reaches a well-defined minimum. Visual inspection of all AGN hosts and a randomly chosen subset of the control sample is performed to make sure the central point determined by the algorithm determines the center of the galaxy correctly. Three galaxies with different levels of asymmetry are shown in Fig. 5 as a reference for the reader.
Central pixels are in some cases affected by PSF residuals. While simulating 'fake AGN' ensures that this is also the case for the control sample, we still do not wish these pixels to dominate the overall asymmetry measurement. Hence, the central area of all objects is masked using a circular aperture with a radius of two pixels. The exact size of the mask does not change the overall result and visual inspections show that for the AGN magnitudes common in our sample, these aperture sizes cover the corrupted pixels while not masking uncontaminated areas of the host galaxy. More details can be found in Appendix A.
In order to keep asymmetry measures comparable independent of optical AGN magnitude, we use the same mask size for all objects, independent of AGN magnitude. While this also masks the central areas of galaxies not affected by PSF residuals, it ensures that the same physical areas are used for the calculation of the asymmetry for all sources. Ideally, the mask size would be adjusted to the size of the galaxy. However, since AGN hosts and control are carefully matched, this should not result in a biases measurement. 
Human classifiers
We use results from human classifiers for comparison and consistency checks. The galaxies were classified by CANDELS team members in the H/F160W band. Bluer bands are also inspected to facilitate the classification (Kartaltepe et al. 2012, , Kartaltepe et al. in prep) . The boundaries of the galaxies are defined used Sextractor segmasks. In a first step, the classifier is asked to decide between four main morphological classes: spheroid, disk, irregular/peculiar and compact/unresolved. Additionally, the human classifier is asked to decide if the galaxy meets any of the following interaction classes: merger (a clearly interacting system with disturbances), interaction (interaction of two distinct objects within or beyond the segmentation mask) or non-interaction companion (galaxy has a companion that is not clearly disturbed). This classification scheme is the same as used in Kocevski et al. (2012) .
Note on confidence intervals used
Binomial probabilities and their confidence intervals for the AGN sample are derived using a beta statistic (Cameron 2011). As stated in Section 2.2, several control galaxies are matched to each AGN to increase statistical power. Due to the fact that the number of matches differs between AGN, confidence intervals for the control sample cannot be derived straightforwardly using the beta statistics since it does not account for weighting. We therefore use a jackknife method in which we randomly choose a subset of five matched control galaxies for each AGN and then derive the resulting value for the binomial probability. This random matching is repeated 100 times and the confidence intervals are derived from the final distribution. Jackknife methods are also used to determine the expectation values and error in distribution moments for the control sample.
RESULTS: MORPHOLOGIES OF AGN HOSTS
We now compare the morphological properties (Sersic indices, ellipticities and asymmetries) of the AGN host galaxies to those of the control galaxies. The aim is to determine if the data are consistent with the null hypothesis that AGN hosts are drawn randomly from the sample of their control galaxies. Note that when plotting X-ray luminosity, we plot the X-ray luminosity of the matched AGN for the control galaxies.
We compare the distribution of Sersic indices for the AGN and control sample (Fig. 6 ). Two sample tests show no statistically significant difference between AGN host galaxies and the control sample. As expected, Sersic indices are higher for more luminous host galaxies, there is however no strong trend with X-ray luminosity.
Next, we analyse differences between the asymmetries of AGN host and control galaxies (Fig. 7) . The overall distribution of the asymmetries for the two samples show no significant differences. We also find no trend with absolute galaxy magnitude. We perform two-sample Kolmogorov-Smirnov (KS) and MannWhitney U (MW) tests between the AGN and control galaxies. These tests are calculated for both the full sample and sub-samples binned in both X-ray luminosity and absolute galaxy magnitude. The results are shown in Table 1 . The two-sample KolmogorovSmirnov test yields p=0.38 and the Mann-Whitney U test yields p=0.09. We hence fail to reject the null hypothesis that the two samples are drawn from the same parent population. When binned in X-ray and galaxy luminosity, the Kolmogorov-Smirnov and MannWhitney U test find no significant differences between the samples. We only find p 0.05 in a single bin. However, given the multiple tests (28) performed, this is consistent with the expected number of false positives (1.4).
While the statistical tests reveal no significant difference between the asymmetries, we do note that by eye the distribution of asymmetries appears to be slightly more skewed with a larger high asymmetry tail in the AGN host galaxies when compared to control. To determine if these differences are quantifiable, we calculate the moments of the distributions of asymmetries for the AGN and control galaxies. A jackknife method is used to determine the typical scatter in the moments derived for the control sample. We calculate the first four moments (mean, standard deviation σ, skew γ and kurtosis κ). For the full sample, we find that both the skew and kurtosis are higher for the AGN sample compared to control. Both lie above the third quartile of the control sample distribution. This implies that the distribution for the AGN hosts has a tail towards larger values of the asymmetry A and a higher peak with more power in the tails. However, when dividing the sample into sub-bins in either AGN or host galaxy luminosity, the sample sizes are too small to determine if there is a trend in the moments. The full calculated properties are listed in Appendix B.
Another way to compare the asymmetries of AGN hosts and control galaxies is to compare the values for each single AGN to its sample of control galaxies. We therefore analyse the percentiles of scores of each AGN host galaxy asymmetry with respect to its matched control galaxies. For each AGN, we calculate the cumulative density function of the asymmetries of its control sample. From this distribution, we then calculate the percentile at score for each AGN. For example, an AGN with an asymmetry equal to the median asymmetry of its control sample will have a percentile at score of 50%, while an AGN having asymmetry higher than all its matched control galaxies will have a percentile at score of 100%. If the AGN hosts were drawn randomly from the sample of its matched hosts, the distribution of percentiles at score for the full AGN sample should be flat since each AGN is equally likely to be sampled at each percentile at score. We show the kernel density estimator (KDE) of the percentiles at score for the full sample in Fig.  8 . The distribution is not flat, showing excess at low percentiles at score as well as a small excess at very high percentiles at score. This is consistent with the eye ball assessment that the asymmetries appear on average somewhat lower in the AGN compared to control while showing a slight high-asymmetry excess. However, due to small number statistics, the differences are not statistically significant (p=0.098).
An additional factor in asymmetry levels might be obscuration. While it is widely acknowledged that obscuration in AGN in the local Universe is mostly due to a dusty torus and therefore primarily a function of AGN orientation (Antonucci 1993; Urry & Padovani 1995) , some very young AGN might be in an earlier buried phase in which the obscuration is due to dust in the host galaxy and not the torus. We note that obscuration in the optical and the X-ray is not necessarily tracing the same obscuring material. Such a sub-sample of young obscured AGN might be more closely connected to mergers. The asymmetry distributions of AGN with X-ray effective photon indices Γ < 1 (X-ray obscured) and Γ > 1 (X-ray unobscured) are compared in Fig. 9 . There are no differences between the two AGN sub-sample asymmetries ( Table  1 ), indicating that higher levels of obscuration do not lead to comparatively larger asymmetries.
As mentioned earlier, the redshift range studied contains a cluster of galaxies at z≈0.75 (Salimbeni et al. 2009; Castellano et al. 2011) . We separately compare the host galaxies and their matched control galaxies in both the cluster and field (Fig. 10) . We find that -as for the full sample -the AGN hosts in the field are consistent with being drawn randomly from the control galaxies. However, in the cluster, we do find a statistically significant difference between the AGN and control galaxies (P < 0.01) with AGN hosts having lower mean asymmetries but higher skew in the asymmetry distribution when compared to control galaxies.
While asymmetry traces levels of disturbance in the host galaxy, more relaxed mergers will not be identified by this index (for example mergers between high ellipticity disk galaxies will generally reduce the ellipticity in the merged system). We thus additionally compare the ellipticities from the galfit galaxy fits between AGN hosts and matched controls. The results are shown in Fig. 11 . There are no statistically significant differences between AGN host galaxies and control galaxies.
Comparison between quantitative measures and human classifiers
In addition to the distributions of asymmetries, we also compare the probabilities of objects having high (A>0.1) asymmetries between AGN host galaxies and control samples. The cut-off A>0.1 is somewhat arbitrary, but visual inspection shows this to be a rea- Figure 8 . Percentile distribution of AGN asymmetries with respect to their control sample. For each AGN, we calculate the percentile at score with respect to its matched control galaxies. The KDE is reflected off the boundaries. If the AGN host asymmetries were drawn randomly from the same distribution as the matched control galaxies asymmetries, the distribution should be flat (indicated by the dashed red line). The difference is however of low statistical significance (p=0.098).
sonable value above which all galaxies show clear disturbance (see also Fig. 5 ). These rates are compared to different measures from the human classifier results described in Section 2.5 in Figure 12 .
In particular, we compare two different classifications, irregularity and merger. Irregularity encompasses all objects showing some disturbance or irregularity, even if they show a wellpronounced disk or spheroid component. The classifiers are asked to classify objects as irregular if they see asymmetric features, not Figure 6 . Sersic index as a function of AGN Luminosity (left) and AGN Host magnitude (right) for AGN (red circles) and control (grey dots). For control galaxies, the X-ray luminosity of the matched AGN is plotted. Projected histograms are shown for the AGN (red) and control sample (hashed). There are no statistically significant differences between the two samples. Figure 7 . Asymmetry as a function of Xray luminosity (left) and AGN host galaxy magnitude (right) for AGN (red circles) and control (grey dots). For control galaxies, the X-ray luminosity of the matched AGN is plotted. Projected histograms are shown for the AGN (red) and control sample (hashed). There are no statistically significant differences between the two samples.
taking into account if the object appears to be in a merger or not. This classification is therefore comparable to the asymmetry A. Additionally, we use the merger classification. Classifiers are asked to identify any objects appearing to undergo interaction or showing a nearby companion. As such, this category is more prone to subjective interpretations by the classifiers and is explicitly not comparable to the asymmetry.
As expected from the similarities in the overall distributions, the rates of objects with high asymmetries (A > 0.1) are not higher in the AGN hosts compared to control. When studying the rates as a function of X-ray luminosity, no differences between the AGN hosts and control are found. As a function of galaxy magnitude, there is a mild excess in high asymmetry rates at moderate galaxy masses; with AGN hosts having slightly higher asymmetries. However, this is not statistically significant. Similarly, we find that the rates of objects classified as irregular by human classifiers show no statistically significant difference between the AGN hosts and matched control. We also find that using a cut-off A>0.1 leads to similar overall asymmetry/irregularity rates as classification by humans.
We find the rates of human-classified mergers are significantly higher in the AGN hosts when compared to matched control. The excess rates for AGN compared to control seen in the merger rates are due to companions showing no signs of merger -not train-wreck mergers or even mergers showing some signs of interaction. A substantial fraction of these objects is associated with the cluster environment at z∼0.75.
DISCUSSION
We have compared the morphologies of X-ray selected AGN to those of matched galaxies of the same mass. The AGN studied are at redshift z=0. Figure 10 . Asymmetry in the cluster (left) and field (right) as a function of Xray luminosity for AGN (red circles) and control (grey dots), showing differences between the cluster and field. For control galaxies, the X-ray luminosity of the matched AGN is plotted. Projected histograms are shown for the AGN (red) and control sample (hashed). There are no statistically significant differences between the two samples in the field, however, in the cluster, the difference between AGN hosts and control is statistically significant (p<0.01). The host galaxies of moderately luminous X-ray selected AGN at low redshift show no strong differences in morphological properties (asymmetries, Sersic indices, ellipticities) compared to galaxies matched in mass or absolute H band magnitude. There is no statistically significant difference between AGN host galaxies and control galaxies in the rates of very high (A>0.1) asymmetry galaxies or the rates of galaxies classified as irregular by human classifiers. The asymmetry distributions and high asymmetry rates also do not show greater differences between AGN hosts and control as a function of either absolute galaxy magnitude or AGN Xray luminosity. There are no differences between the asymmetries of X-ray obscured and unobscured AGN. The only statistically significant difference found between AGN and control galaxies is that AGN host galaxies located in a cluster environment show lower asymmetries as well as a higher skew, indicative of a stronger distribution tail at high asymmetries. Additionally, morphological inspections by human classifiers show that AGN hosts have higher rates of companions, although these show no signs of interaction. This difference is due to AGN found in the cluster environment.
Before comparing our results to those of other authors, we will briefly address the surface brightness limit and its influence on the types of merger features detected. We reach surface brightnesses around 26 mag/arcsec 2 in our study. Generally, the brightest merger features have surface brightnesses as high as 22 mag/arcsec 2 , while most fainter tidal tails have surface brightnesses down to 25 mag/arcsec 2 (Elmegreen et al. 2007 ). Merger features are found even in local red and dead elliptical galaxies when depths of 28 mag/arcsec 2 are reached (van Dokkum 2005). However, at these extremely faint surface brightness levels, merger features are also likely to trace disruption of small satellites (e.g. Johnston et al. 2001). Given the limits of our data, we are therefore likely to detect ongoing mergers, as well as tidal tails, while the data is not sensitive enough to detect disruption of smaller satellites. However, since we are primarily interested in the incidence of recent major mergers (mergers with galaxy mass ratios 0.1 less than ∼ 1 Gyr in the past), this limit is ideal for the science goal of our study. The spatial resolution of our study is ∼0.5 kpc. We might therefore miss asymmetric features on very small scales.
We will start by comparing our results to previous studies of AGN host galaxy morphologies compared to control samples of quiescent galaxies. A number of studies have found no statistically significant results differences (Dunlop et al. 2003; Grogin et al. 2005; Boehm et al. 2013; Cisternas et al. 2011) . Dunlop et al. (2003) studied samples of radio-loud and radio-quiet quasars at z<0.25 with luminosities comparable to those in our study. Kocevski et al. (2012) analysed human classifications of host galaxies of X-ray selected AGN at z≈2 with slightly higher luminosities than those studied in this paper. Cisternas et al. (2011) examined the hosts of z∼1 X-ray selected AGN. All used human classifiers to determine the incidence of merger features and found no differences when compared to control. Grogin et al. (2005) . Asymmetry as a function of x-ray luminosity for AGN (red and blue circles) and control (grey dots). The plot shows a comparison between x-ray obscured (red) and unobscured (blue) sources. For control galaxies, the X-ray luminosity of the matched AGN is plotted. Projected histograms are shown for the obscured AGN (red), un-obscured AGN (blue) and control sample (grey). There are no statistically significant differences between the samples.
on samples of X-ray selected AGN. Grogin et al. (2005) studied a sample of AGN at redshift (0.4 < z < 1.3) at the same rest wavelength as our study and Boehm et al. (2013) at z∼0.7 and slightly bluer wavelengths. Both studies found no differences between AGN hosts and quiescent galaxies. All these studies reach surface brightnesses where typical bright merger features should be visible (Elmegreen et al. 2007 ). They use similar depths of imaging observations as well as AGN luminosities as in this study and all but Dunlop et al. (2003) use X-ray selection. The rest-frame wavelength studied varies slightly between studies. This implies that our findings are typical of X-ray selected AGN. Very deep imaging studies have revealed differences between AGN and control galaxies in some cases. Ramos found that the host galaxies of radio-loud z<0.7 AGN have disturbances with significantly higher surface brightnesses than found in quiescent galaxies. Ramos interpret these signatures as signs of minor mergers or fly-by interactions in radio galaxies that are more recent in the AGN hosts than in the general galaxy population. Bennert et al. (2008) also found weak signs of interaction, consistent with either major or minor mergers about 1 Gyr in the past in a sample of local quasars. Koss et al. (2010) studied low luminosity hard-Xray selected AGN using very deep imaging data and found stronger signs of interaction in AGN compared to quiescent galaxies. However, weak merger features can be due to major or minor mergers in the distant past or disruption of satellites. This makes interpretation of such findings challenging.
Other studies analysed the host galaxies of AGN without comparing to control samples. Liu et al. (2012) and Letawe et al. (2010) studied the host galaxies of low redshift (z<0.3) luminous quasars and found high incidences of merger signatures. Canalizo & Stockton (2001) studied a small sample of low redshift quasars with ULIRG-like FIR SEDs and luminosities and found high levels of disturbance in their host galaxies. However, those sources were selected to be IR luminous. Their host galaxy morphologies differ from the general quasar population that shows low levels of interaction (Bahcall et al. 1997) . Urrutia et al. (2008) studied a sample of high-redshift quasars with strong reddening and large incidence of outflows. Nearly 100% of the red quasars show strong signs of recent interaction. These quasars are amongst the most luminous AGN in the Universe and are therefore not comparable to the AGN analysed in this study.
A lack of control samples makes interpretation of these findings difficult, in particular when quasars with ongoing starbursts are considered. Veilleux et al. (2009) found that local PG quasars show relatively low incidence of strong merger features, while the sub-sample of PG quasars with ULIRG-like FIR luminosities show large incidence of merger features, consistent with the local ULIRG population. This can be explained if the main connection is between ULIRG-like FIR luminosities and mergers -rather than quasars and mergers.
Connections between AGN, starbursts and mergers have also been studied at higher redshift. Juneau et al. (2013) found that while there is no strong connection between AGN and high specific star formation rates, highly obscured AGN become more prevalent in star-bursting systems. Kartaltepe et al. (2012) studied the incidence of mergers and AGN in high-redshift ULIRGs and found that both rise with increasing starburst luminosity. In both studies, AGN in these systems tend to be weak due to extreme levels of obscuration and not necessarily because they are intrinsically weak. These findings suggest that AGN are common in starburst/merger systems. However, this does not necessarily imply that all AGN are connected to starbursts and mergers. This agrees with the findings of Ellison et al. (2013) that the AGN fraction is increased by a factor of almost four in post-merger systems when compared to control. This suggests that while mergers can trigger AGN (Ellison et al. 2013) , merger triggering does not dominate the AGN population (this study). In agreement with this picture, Wild et al. (2010) find that AGN are associated with starbursts, but that this growth mode only plays a minor role in the local universe.
Finally, in disagreement with our study, Treister et al. (2012) combined data from the literature to study the incidence of major merger features and found that the merger fraction does rise with AGN luminosity. Treister et al. (2012) reached considerably higher AGN luminosities than our study, but did not use a control sample. Due to limited availability of literature studies, their sample is not uniformly selected and the high merger fraction at high AGN luminosities is caused by three studies with very different AGN properties and redshifts (Urrutia et al. 2008; Bahcall et al. 1997; Kartaltepe et al. 2012) . Part of the sample is selected through starburst features (Kartaltepe et al. 2012 ). Due to limited information about the AGN in these starbursts, Treister et al. (2012) used the overall IR luminosity as a proxy for the AGN strength. It is therefore not clear if the results from Treister et al. (2012) will hold for uniformly selected samples over the same wide luminosity range.
Do mergers matter?
Before discussing the implications of our findings, we would first like to consider the statistical power of the study due to sample size.
Our sample is limited to 60 AGN. When binning in X-ray luminosity and absolute galaxy magnitude, we divide the sample into sub-samples of 10 objects each. We will therefore discuss the power for these two sample sizes. Due to the fact that much larger control samples are used, we are dominated by counting noise in the AGN sample. The rate of high asymmetry objects in the full control sample (i.e. all control galaxies used in the study) is ∼ 10%, consistent with the AGN sample. We therefore would like to know the excess merger fraction above the intrinsic merger fraction of 10% found in the control sample that our study is sensitive to. For the full sample of all 60 AGN, a rate of 10/60 (i.e. six expected plus four excess) high asymmetry objects would be sufficient to reject the null hypothesis that the rate of objects with high asymmetry is identical to that in the control sample at a confidence p<0.05 (one tailed). This corresponds to only 6% of the AGN population being connected to mergers not found in the general population. We can therefore state at 95% confidence that less than 6% of the AGN in the luminosity range studied are connected to mergers not found in the general population. For the analysis using bins in AGN luminosity and galaxy magnitude (10 object per bin), an intrinsic rate of 5/10 (i.e. one expected plus four excess) objects would be required to reject the null hypothesis with a confidence p<0.05 (one tailed). In each of the bins, we can therefore state that at 95% confidence less than 40% of AGN are connected to mergers not found in the general galaxy population. For the two sample comparisons between the asymmetry distributions, the power is less easily estimated since it will depend on the expected distributions of asymmetries for mergers, which is not known. The numbers for the high asymmetry rates also depend on the exact asymmetry value used as a cut-off for high asymmetry objects. However, these power estimations given here provide an estimate of the statistical power of this study. To summarize, the sample size results in high enough power to reject the mergers for a large majority (94%) as a likely trigger for the full sample as well as a majority (60%) for the bins at a confidence of 95%.
A possible explanation for the lack of stronger merger signatures in AGN compared to control in our sample is a long delay between the merger event and AGN phase. Such a delay has been suggested by timing of starbursts and AGN activity. Theoretical models generally predict a delay of about 100 Myr between coalescence and the peak quasar activity (see e.g. Hopkins et al. 2008; Di Matteo et al. 2005) , which is a time-scale on which merger signatures should stay very apparent (Lotz et al. 2010a,b) . Wild et al. (2010) found that spectra of low luminosity AGN show signs of starbursts quenched several 100 Myr in the past. The presence of low surface brightness merger features in deep optical imaging data (Ramos Almeida et al. 2012 Bennert et al. 2008) , in particular the presence of shells, which are indicative of a merger in the past, also speaks for a possible time-delay between merger and AGN activity. However, assuming typical delay times from several hundred Myr (Wild et al. 2010) up to ∼ 1 Gyr (Hyvönen et al. 2007) , slightly elevated asymmetries in the host galaxies are still expected (Lotz et al. 2010a,b) . We however do not observe such elevated levels of asymmetry.
Another possibility is that we might be missing the youngest, most obscured AGN that are closely connected to mergers. While dust obscuration in AGN is generally interpreted as a sign of the dusty torus, and therefore is indicative of orientation rather than an evolutionary phase, it is possible that there exists a sub-sample of AGN that are in a heavily buried phase where the obscuration is from host galaxy dust or gas, rather than the torus. These types of "buried" AGN could be connected to a very early phase of the merger-AGN life-cycle (Sanders et al. 1988 ). Some observations indeed suggest that X-ray obscured AGN are prevalent in starburst system. Asymmetries in obscured and unobscured AGN in our sample are consistent, implying that this does not play a role for a large fraction of the X-ray selected AGN population. However, we note that the most heavily X-ray obscured AGN are missed by our selection method.
In this study, there appear to be only two differences between AGN host galaxies and matched control samples: a) in the cluster environment, host galaxies of AGN have lower asymmetries; b) AGN host galaxies have more nearby neighbours, particularly in the cluster environment. One possibility is a matching between AGN host galaxies to control galaxies located outside the cluster. While we choose a narrow redshift range for matching and reject matched galaxies far from the cluster area, there might still be a mismatch. It has been shown that galaxies in the centres of clusters show weaker signs of interaction (Adams et al. 2012) . Castellano et al. (2011) analysed the cluster studied here in detail and found it to be X-ray under-luminous. They suggested that AGN feedback in the past had removed most of the gas from the cluster. Such a scenario could also explain the lack of merger features in the AGN hosts: if AGN feedback removed the majority of cold gas from the cluster, galaxy interactions would be less likely to show tidal features during interactions. The higher incidence of close-by companions is also consistent with merger triggering at an early stage of mergers, as found in many other studies (Koss et al. 2010; Silverman et al. 2011; Ellison et al. 2011; Liu et al. 2012; Villforth et al. 2012) . A final possibility is that the importance of mergers in AGN triggering is lower than expected, and other processes dominate over a wide range of AGN luminosities. Some theoretical models suggest that torques on galaxy wide scales (Anglés-Alcázar et al. 2013; Hopkins & Quataert 2011) or violent disk instabilities driven by cold flows or other processes (e.g. Dekel et al. 2009 ) could be drivers for AGN activity. Some observations suggests that clumpiness in disk galaxies correlates with AGN activity (e.g. Bournaud et al. 2012 ). However,clumpy disks are rare in our sample of galaxies.
SUMMARY & CONCLUSIONS
We have presented a study aimed at understanding if and how the importance of merger triggering for AGN changes as a function of X-ray luminosity and host galaxy stellar mass. From theoretical considerations, it is expected that extreme processes such as major mergers are needed to trigger the most luminous AGN. In particular, assuming a typical quasar lifetime of 10 8 yr and AGN with log(L bol [erg/s]) = 46 requires as much as 2 × 10 8 M of accreting material. This is comparable to about 1% of typical gas masses in massive galaxies. Stripping such large gas masses likely requires extreme events. We present a quantitative analysis of the host galaxies of a sample of X-ray selected AGN with luminosities 41 < log(L X [erg/s]) < 44.5 erg/s at low redshift (0.5 < z < 0.8). The host galaxies of AGN in our sample are compared to control galaxies matched in either stellar mass or absolute F160W magnitude, which is found to trace stellar mass well. To ensure comparable morphology measures, we simulate 'fake AGN' by adding point sources with the AGN magnitude to control galaxies and consecutively removing them. We then compare the morphological properties of AGN hosts and control. Our findings can be summarized as follows.
• AGN hosts and control galaxies have asymmetry distributions consistent with the null hypothesis that the two samples are drawn from the same parent population. We also find no differences between AGN hosts and control galaxies asymmetries when binned in X-ray luminosity, even in the highest luminosity. The same is found when as a function of galaxy absolute magnitude.
• There are no statistically significant differences in the frac-tions of high asymmetry objects, either determined using asymmetry measures or from human classifier results.
• Both Sersic indices and ellipticities of AGN hosts and matched control galaxies are consistent with being drawn from the same parent population. Sersic indices are on average higher at higher galaxy masses but show only weak dependency on AGN luminosity.
• We additionally test the hypotheses that merger triggering is most prevalent in an early obscured AGN phase. We divide the AGN sample into two sub-samples based on different levels of obscuration. Two-sample statistical test results are consistent with the null hypothesis that the two samples are drawn from the same parent population. We conclude that dust obscuration is unlikely to be a large effect in the incidence of mergers in our sample. Alternatively, if dust obscuration in an early merger phase plays a role, the percentage of AGN affected must be small.
• The redshift range studied includes a cluster of galaxies at a redshift z ∼ 0.75 (Salimbeni et al. 2009 ). We find a difference between AGN hosts and control galaxies in the cluster at high statistical significance (p<0.01). AGN hosts in the cluster environment show on average lower asymmetries, but higher skew and kurtosis in the distribution of asymmetries when compared to control. However, it is unclear if this is due to a mismatch of AGN to galaxies not located in the cluster. We also find higher incidences of nearby neighbours not showing interaction in the AGN hosts located in the cluster when compared to control. Both findings seem to indicate different processes in the cluster environment.
• Given our sample size of 60 AGN and ∼700 control galaxies, we can infer with 95% confidence that major mergers are responsible for <6% of all AGN in our study as well as <40% of the highest luminosity AGN in our sample (log(L X [erg/s]) ∼ 43.5).
• Our findings indicate that major mergers are either not the dominant triggering process at the AGN luminosities studied or the delay between the triggering and AGN activity is too long for significant merger features to remain apparent in the morphologies. 
A2 Masking radius used
Secondly, we would like to shortly discuss the influence of mask size on the asymmetry values. In Figure A2 , we show comparisons between different mask sizes with radii between 1 pixel and 8 pixels. As expected, the values correlate well when the radii are similar, and greater differences are seen when the radii are very different, this is well expected. After visual inspection, we choose a radius of 2 pixel since it covers most corrupted pixels in the higher luminosity AGN.
Checks of the results concerning differences between the AGN hosts and control galaxies however show that the masking radius does not alter the overall results of the study. Figure A2 . Influence of mask size on asymmetry. Table B1 . Statistical properties of host galaxy morphology measures for AGN hosts as well as matched control. The values for the control sample are derived by bootstrapping and the mean value and standard deviation from the bootstrapping are given. First column: morphological property, second column: AGN property used for binning; third column: mean of AGN property used for binning; µ: mean value of morphological measure (AGN and control); σ: standard deviation of morphological measure for AGN and control; skew: skew of morphological measure for AGN and control; kurtosis: kurtosis of morphological measure for AGN and control. 
